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Abstract
Experiments were conducted to study the rheological behavior of iota-carrageenan Gels to which potato 
starch and low-esterified amidated pectin were added. The rheological measurements of carrageenan jellies 
were performed by a texture analyzer at different concentrations of gelling agent (iota-carrageenan) and fixed 
concentrations of starch (1.3 %) and pectin (0.3%). Following the experiments, rheological patterns related to 
rupture force, rupture deformation and firmness of the gels were evaluated. Potato starch and low esterified 
amidated pectin at certain concentrations do not show synergistic effects with iota-carrageenan. The addition 
of low esterified amidated pectin or potato starch in iota-carrageenan gel results in a significant reduction in 
deformation and a minimal reduction in the rupture force.
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Introduction
Carrageenans are naturally occurring linear 
sulfated polysaccharides (galactans) that are 
derived from the cell wall and intercellular space 
of red seaweed from the families Gigartinaceae, 
Solieriaceae and Phyllophoraceae (Pereira, 2016). 
Their basic structural units comprise carrabiose 
disaccharides, which consist of alternating 
β-1,3- and α-1,4-linked galactose residues. The 
variations in its basic structure are determined by 
the occurrence of 3,6-anhydrogalactose and the 
location and number of sulfate groups in the linked 
galactose residues. The three most industrially 
exploited types of these polysaccharides, namely, 
λ (lambda-),  к (kappa-), ι (iota-) carrageenans, are 
distinguished by the presence of one, two and three 
ester sulfate groups per repeating disaccharide 
unit, respectively (Yermak, 2017). 
 In addition to galactose and sulfate groups, 
traces of other carbohydrates as xylose, glucose, 
or uronic acids may also be detected in its 
structure (Van De Velde, 2002). The three types 
of carrageenans have different physicochemical 
properties and different applications. All three 
types are well dissolved in boiling water. Only the 
lambda-carrageenans and the sodium salts of the 
other two types are dissolved in cold water. Of 
the three isolated fractions of carrageenan, only 
kappa and iota-carrageenans have gel-forming 
properties, and lambda-carrageenan does not gel 
on alone but it is used as a thickener agent. Calcium 
ions favor the gelation of iota-carrageenan, and 
potassium ions of kappa-carrageenan, respectively 
(Thrimawithana, 2010). Iota-carrageenan forms soft 
and elastic jelly resistant to the freeze-thaw cycle 
(Christensen and Trudsoe, 1980; Kara, 2006; Alba 
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and Kontogiorgos, 2019). Kappa-carrageenan gels 
only in the presence of potassium ions and forms 
hard and brittle This difference in their gelling 
effect is because kappa-carrageenan contains the 
highest amount of 3,6-anhydro-D-galactose and 
lambda-carrageenan does not contain it (Pereira, 
2016). The content of ester sulfates in the three 
types of carrageenans (kappa, iota, and lambda) 
is approximately 25, 32 and 35%, respectively 
(Imeson, 2010; Imeson, 2000).
Carrageenans are widely used in the food 
industry as stabilizers and thickeners. Their 
functional properties include: preserving and 
increasing the viscosity and consistency of the 
product (ice creams, milk drinks, syrups, and 
sauces). In the confectionery industry, they are used 
as a gelling agent in dessert creams, marmalades, 
jellies, and sweets. In the meat industry, their 
replaces fat, increases water retention, hence 
volume. The addition of iota carrageenan and 
arabic gum leads to an increase in the emulsion 
stability of whey protein emulsions. (Krempel, 
2019). Carrageenans are used even in toothpaste 
(Necas and Bartosikova, 2013). Iota carrageenan is 
more resistant to digestion in the gastrointestinal 
tract than kappa-carrageenan (Prajapati, 2014). 
Iota carrageenan form thermoreversible gels 
on cooling and have a more flexible texture 
and are less sensitive to shear stress (Saha and 
Bhattacharya, 2010).
The purpose of the present study is to 
investigate the effect of potato starch and low-
esterified amidated pectin on the rheological 




Sucrose was purchased from Metro Cash 
& Carry Ltd. in Bulgaria. Water-soluble iota-
carrageenan (CARRA SOL PGU 5339) was supplied 
from KUK Ltd and it was used as the major gelling 
agent. Citric acid monohydrate (acid regulator), 
aspartame (sweetener), and potassium sorbate 
(preservative) for food purposes were purchased 
from Chimsnab Ltd. (Bulgaria). Calcium citrate 
(Aromax, Ltd., Bulgaria) with high purity was used 
as a source of calcium ions. Potato starch (Fluka 
Analytical, Sigma Aldrich, Germany) was used as 
a thickener agent. Low methoxylated amidated 
citrus pectin (Aglupectin LA-S10, P.I.C.Co, 
Bulgaria) with the degree of esterification - 34% 
and the degree of amidation - 17% was also used 
as a gelling agent. 
Methods
The texture analyses (the rupture force 
and rupture deformation) were performed in 
penetration mode using a Stable Microsystems 
Texture Analyser (SMS) in uniaxial deformation 
mode at an initial set voltage of 60% with a 
constant deformation test speed of 2 mm/s and 
compression with an aluminum cylindrical probe 
with 5 mm in diameter. Six measurements were 
performed on each sample for better repeatability. 
The gel firmness indicated penetration resistance. 
It was determined by the slope of the first peak of 





















P01 20.00 1.60 0.60 0.10 0.05 0.38 - -
P02 20.00 1.60 0.60 0.10 0.05 0.38 1.30 -
P03 20.00 1.60 0.60 0.10 0.05 0.38 - 0.80
P04 20.00 1.30 0.60 0.10 0.05 0.38 - -
P05 20.00 1.30 0.60 0.10 0.05 0.38 1.30 -
P06 20.00 1.30 0.60 0.10 0.05 0.38 - 0.80
P07 20.00 1.00 0.60 0.10 0.05 0.38 - -
P08 20.00 1.00 0.60 0.10 0.05 0.38 1.30 -
P09 20.00 1.00 0.60 0.10 0.05 0.38 - 0.80
1 LMAP: Low methoxylated amidated pectin
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the force and the depth penetration expressed as 
N/mm, (Harnkarnsujarit, 2016). 
Statistical analysis. 
Statistical analysis of the data was performed 
by analysis of variance using ANOVA software 
and a probability value of p≤0.05. Post-hoc Tukey 
HSD Test was considered to denote a statistical 
significance difference. 
Table 1 shows the initial component composi-
tions of the various variants of iota-carrageenan 
gels.
Preparation of iota-carrageenan gels 
For each sample, all components listed in 
table 1 were weighed in a glass beaker. They are 
then mixed in the dry state, homogenized well, 
water was added to 100% and the samples were 
homogenized. The resulting mixture was stirred 
periodically and heated to approximately 90°C 
until reached a dry refractometric substance 
23.5% to 24.0% (with gels without starch or pectin 
added); from 23.3% to24.0% (for starch-added 
gels) and from 24.2% to25% (for pectin-added 
gels), depending on the component composition. 
The loss of water during the heating process is 
about 5%. Finally, the resulting gels were left in 
the refrigerator to cool and gel faster overnight 
(12 hours). Before the rheological measurements 
began, the gels were temperate at 25°C for 1-2 
hours.
Results	and	discussion
The results from measurements of different 
samples gels were summarized in Table 2. Accor-
ding to previous invastigations of iota-carrageenan 
gel it was reported that optimal concentration 
of starch concentration did not exceed 1.3 % 
(Abdou and Sorour, 2014), while the maximum 
low esterified amidated pectin addition in food 
matrices is 1% (Krempel et al. 2019). Therefore, 
with the addition of 1.3% starch to carrageenan 
gels (P02; P05 and P08) and 0.8% low-esterified 
amidated pectin (P03; P06 and P09), the rupture 
force of these samples was minimized relative to 
the gels without added starch, or pectin (P01; P04 
and P07). Such a minimal reduction in rupture 
force was observed in fruit pear jam enriched with 
short-chain inulin against a pure model system 
(Petrova, 2019). 
From the experiments performed and the 
results presented in Figure 1, it was found that the 
addition of starch and pectin had a stong effect on 
the rupture deformation and firmness of the iota-
carrageenan gels. Typical gel penetration curves 
were shown only for samples P01, P02 и P03, 
respectively. The reason for this was the biggest 
differences between rupture force and rupture 
deformationa that were observed only in these 
three samples (Table 2). This could be explained 
with the highest concentration of iota-carrageenan 
(1.6 %). Rupture deformation of the starch-
added samples was lower with 50.95% (P02), 
46.80% (P05) and 52.75% (P08), respectively 
than the deformation of gels obtained with iota 
carrageenan alone (P01; P04 and P07) regardless 
of the concentration of iota carrageenan used. 
A similar effect on deformation was observed in 








P01  0.100±0.070b   14.09±0.063b 0.67±0.050b
P02 0.091±0.001 6.91±0.030ns 1.31±0.020
P03 0.087±0.001 6.37±0.028ns 1.36±0.020
P04 0.072±0.005   14.87±0.066 0.41±0.060
P05 0.062±0.001 7.91±0.035 0.59±0.050
P06 0.066±0.004 6.94±0.031ns 0.95±0.010
P07 0.050±0.004   10.52±0.047 0.47±0.030
P08 0.045±0.002 4.97±0.022 0.90±0.080
         P09 0.033±0.001 6.05±0.027 0.54±0.010
Significance ns (p<0.05) (p<0.01) (p<0.01)
aMean values from six measurements, bSD– Standard deviation. Values are mean±standard deviation of six separate 
experiments as significant differences (p<0.05) and (p<0.01)
80
 Bulletin UASVM Food Science and Technology 77 (2) / 2020
gels with the addition of low-esterified amidated 
pectin, that were characterized with lower rupture 
deformation - 54.79% (P03), 53.32% (P06) and 
42.49% (P09), respectively; compared to iota-
carrageenan gels only (P01; P04 and P07). 
Gels obtained with iota-carrageenan alone 
without added starch or pectin are typically 
characterized by a softer and more elastic texture 
in the presence of calcium ions (Hotchkiss, 2016) 
and therefore their deformation is always greater. 
The data are shown in Table 2 and it can be seen 
that when comparing gels with potato starch 
(P02; P05 and P08) compared to those that do 
not have this polysaccharide (P01; P04 and P07), 
the firmness improves (increases). A similar effect 
was observed with gels derived from kappa-
carrageenan and potato starch (Lin, 2016). The 
addition of low-esterified amidated pectin (P03; 
P06 and P09) has a similar effect on the firmness 
of the gels compared to pure carrageenan gels 
(without added pectin or starch).
Conclusion
The present study on the rheological cha-
racte ristics of carrageenan gels has shown that 
the addition of starch and pectin at a given 
concentration has a minimal reducing ability 
to rupture force. The addition of potato starch 
(P08) in iota-carrageenan gels significantly 
reduces (p<0.01) the rupture deformation in the 
comparison to gels with 1% iota-carrageenan 
and pectin (P09). In the iota-carrageenan 
concentration range of 1.3% to 1.6%, the addition 
of low-esterified amidated pectin (P06 and P03) 
increases the firmness of the gels slightly more 
than potato starch (P05 and P02). Pectin or starch, 
together with iota-carrageenan, has a negative 
synergistic effect on rupture deformation.
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